Objective: This study sought to evaluate the benefit of utilizing a nutritionist review of a self-administered food frequency questionnaire (FFQ), to determine whether accuracy could be improved beyond that produced by the self-administered questionnaire alone. Design: Participants randomized into a dietary intervention trial completed both a FFQ and a 4-day food record (FR) at baseline before entry into the intervention. The FFQ was self-administered, photocopied and then reviewed by a nutritionist who used additional probes to help complete the questionnaire. Both the versionsbefore nutritionist review and after nutritionist review -were individually compared on specific nutrients to the FR by means, correlations and per cent agreement into quintiles. Settings and subjects: Three hundred and twenty-four people, a subset of participants from the Polyp Prevention Trial -a randomized controlled trial examining the effect of a low-fat, high-fibre, high fruit and vegetable dietary pattern on the recurrence of adenomatous polyps -were recruited from clinical centres at the University of Utah, University of Buffalo, Memorial Sloan Kettering Cancer Center in New York and Kaiser Permanente Medical Program in Oakland. Results: Reviewing the FFQ increased correlations with the FR for every nutrient, and per cent agreement into quintiles for all nutrients except calcium. Energy was underestimated in both versions of the FFQ but to a lesser degree in the version with review. Conclusions: One must further evaluate whether the increases seen with nutritionist review of the FFQ will enhance our ability to predict diet-disease relationships and whether it is cost-effective when participant burden and money spent utilizing trained personnel are considered.
The association between diet and chronic diseases is of great interest. In 1988, the US Surgeon General claimed that 68% of all deaths in the United States resulted from diet-related diseases 1 . As a result, much effort has been spent on the development of dietary assessment instruments that are easy to administer, cost-efficient and valid.
For epidemiological studies of large populations, the FFQ is the most commonly used dietary assessment method 2 . FFQs, which can be self-administered or interviewer-administered, typically ask the respondent to report usual frequency of consumption of each food from a list of foods for a specified time period. Many FFQs also include questions on usual portion size and a few general questions regarding cooking methods and additions to foods. The foods listed on the FFQ address specific foods consumed by the population under study or food groups of interest. FFQs measure current or past intake.
The self-administered FFQ requires a literate population; it may also result in inconsistent interpretation and lower than desired response and completion rates, each of which might compromise the validity of the data. Validity studies of the self-administered FFQ, which have generally compared the FFQ with food records or serial 24-hour diet recalls, have produced correlation coefficients that range between 0.24 and 0.81 [3] [4] [5] [6] [7] . A more costly labour-intensive method, the interviewer-administered history or FFQ 8 , was concluded to be, in a 1987 methodological survey completed by the USDA, among the most effective methods for assessing dietary intakes of groups 9 .
Comparing results from validation studies of selfadministered FFQs and results from validation studies of interviewer-administered diet histories or FFQs is difficult since the individual studies vary by design and few studies directly compare the two methods. However, correlations from validation studies for interviewer-administered instruments ranged from 0.52 to 0.80 [10] [11] [12] , with many fewer of the studies producing correlations below 0.50 as seen in the validation studies of self-administered questionnaires.
In one study, which directly compared intervieweradministered FFQs to self-administered FFQs and attempted to estimate intake 10-15 years in the past, data from the self-administered FFQs produced lower correlations compared with reference data 13 than data from the interviewer-administered FFQ. A second study, which compared a self-administered diet questionnaire and an interviewer-administered diet history to 7-day FRs found the two questionnaire methods to be comparable for most nutrients. Average correlations between FRs and self-administered questionnaires were slightly higher than between FRs and interviewer-administered questionnaires 14 . A third study 15 compared a telephone-administered FFQ to self-administered FFQs and found rankings from telephone-administered FFQs much closer to in-person interviewer-administered FFQs than those from self-administered FFQs.
Since study subjects may often be available in person, but utilizing an interviewer-administered dietary instrument is time-consuming and costly, this study sought to evaluate the benefit of utilizing a hybrid approach: a brief review of a self-administered FFQ by a trained nutritionist, to determine whether the accuracy could be improved beyond that produced by the self-administered FFQ alone.
Methods
Three hundred and twenty-four people, a subset of participants from the Polyp Prevention Trial -a randomized controlled trial examining the effect of a low-fat, high-fibre, high fruit and vegetable dietary pattern on the recurrence of adenomatous polypscompleted both baseline 4-day FRs and FFQs. The study population consisted of all participants who were randomized in 1993 in four of the seven clinics invited to participate in the ancillary study. Clinic participation was based on the presence of a scientific investigator interested in nutrition methodology.
Food records were collected at baseline for four consecutive days (Sunday to Wednesday). Participants were instructed how to complete the FRs in a standardized manner from an instructional videotape during the first screening visit. The completed FRs were returned at the second screening visit and a nutritionist retrieved additional information in order to properly code records for analysis. The FRs were analysed using the Minnesota Nutrition Data System (NDS) software, developed by the Nutrition Coordinating Center, University of Minnesota, Minneapolis (food database version 5A, nutrient database version 20).
The FFQ used in this study, modified from the 97-item Block/NCI FFQ 16 , contained 105 items. It included more high-fibre foods, such as dried fruit, high-fibre cereals and legumes, and more low-fat and non-fat foods.
Participants were instructed at the baseline initial screening visit on how to complete the questionnaire, and were asked to recall their intake over the past year. They were asked to complete it at home and return it at their second screening visit, approximately 2 weeks later. The questionnaire was then immediately photocopied (thus retaining a copy of the unedited version) and reviewed with the participant by the same nutritionist who reviewed the FR, probing for foods that may have been inadvertently missed, counting the number of main meals and checking for data completeness. The FFQ was always reviewed after the FR. A standard set of recommended probes were given to each nutritionist to include in their review (see Appendix). For example, the nutritionist asked if they had missed any vegetables either that were not on the list or that they had in only small amounts such as at a salad bar, and whether the salad dressings they reported included those they may have had on sandwiches. Since the study was a dietary intervention trial aimed at decreasing overall fat intake and increasing fruit, vegetable and fibre intake, many of the probes were designed to capture complete information on grains, fruits, vegetables and added or hidden fats. The questionnaires were then edited to reflect changes from the review.
Mean values for nutrients were calculated for the FR, FFQ1 and FFQ2. Mean food group servings were calculated for FFQ1 and FFQ2. Paired t-tests were used to test differences between FFQ1 and FFQ2. For comparisons of FR to FFQ, data were natural logtransformed. Energy, percentage energy as fat, protein or carbohydrate, and energy-adjusted nutrients (residual method 17 ) were compared separately to both FFQ1 and FFQ2, using Pearson correlations and per cent agreement within Ϯ1 quintile.
Results
The study population was 65.7% female and 34.2% male. Slightly over half of them (56.8%) were 60 years or over. These demographics are very similar to the sex and age distribution of the overall participant population in the Polyp Prevention Trial.
Editing the FFQ significantly increased estimates of all nutrients except dietary fibre and vitamin C. Table 1 demonstrates that while both FFQ1 and FFQ2 underestimate caloric intake, FFQ2 underestimates it to a lesser degree. While absolute fat intake on the FFQ1 is lower than the value from the FR and absolute fat from FFQ2 is higher than the FR value, both FFQ1 and FFQ2 seem to overestimate percentage energy as fat compared to the FR. FFQ1 produced protein values lower than those obtained by the FR; editing increased protein values on FFQ2 to a level similar to that obtained from FR, but that resulted in an overestimation of percentage energy from protein on FFQ2. Values for carbohydrates for both FFQ1 and FFQ2 were lower than from the FR and both FFQ1 and FFQ2 underestimated percentage energy as carbohydrates as well. FFQ1 and FFQ2 underestimate dietary fibre, although FFQ2 underestimates less than FFQ1. Fatty acids and calcium are overestimated by FFQ2. Editing the FFQ significantly increased mean intakes in nine out of 17 food groups (Table 2) . Editing increased correlations with the FR for every nutrient and per cent agreement into quintiles for all nutrients except calcium and percentage energy as protein (Table 1) .
We regressed total fat from FFQ1 and FFQ2 on the FR (data not shown). Both the slopes from FFQ1 and FFQ2 were flattened compared to ideal (1.0), with the slope from FFQ2 slightly less flat and closer to ideal than that from FFQ1, mostly due to those with high intakes underreporting less on FFQ2 then they did on FFQ1.
Discussion
Review and editing of the FFQ increases means, correlations and per cent agreement into quintiles for energy and the majority of nutrients, suggesting some degree of underreporting in the unedited self-administered questionnaire. In addition, we have demonstrated that tailoring instruments, and/or reviewing or probing, designed to gain accuracy for a particular nutrient or food group, could lead to overestimation of that nutrient. In our study, which included the addition of reduced-fat food items to the questionnaire and specific probes to obtain more accurate information on fat intake, the nutritionist review increased energy estimates while simultaneously overestimating absolute fat, resulting in an even greater overestimation of percentage energy from fat than was already seen in FFQ1. An alternative approach, to avoid such a bias, would be to design general probes to be administered with each FFQ that would not vary depending on the specific focus of the study or specific study hypotheses. One limitation of this study is that we assume that the FR provides an unbiased estimate of truth, which has been recently questioned by Freedman 18 . Another limitation is that the same dietitian reviewed both the FR and FFQ, which could induce some correlation of error. However, this is unlikely since FR retrievals were focused on getting adequate information on listed foods to enable proper coding and analysis, while the review of the FFQ focused on probes for foods that might have been missed or overestimated. Additionally, the increases in correlations observed with FFQ2 were small, thus adding to the likelihood that this bias was not substantial.
This study was not able to answer whether improvements seen with nutritionist review of the FFQ might also be realized through computerized editing mechanisms. Previous research 19 has demonstrated that items left blank on self-administered FFQs are often foods that people eat rarely or never. As a result a large number of blanks (somewhere in the range of 10-15% of the total number of items) will not affect the ability of the questionnaire to rank individuals 19 . Further research must evaluate the costeffectiveness of a nutritionist review, compared to alternative means of editing, when the additional time and money spent utilizing trained personnel to review, probe and edit questionnaires is considered. Also, further research must evaluate whether improvements of the degree demonstrated in this study are enough to influence our ability to predict disease, given exposure data that is already prone to large amounts of error.
